Introduction
The genus Baetis is geographically widespread and many species are abundant, in particular in northernmost Europe. Because the adult stage is short, nymphs are the most easily collected and biologically the most interesting stage in the life cycle. Baetis nymphs are now extensively used in biomonitoring of environmental quality (e.g. Fialkowski et al. 2003) .
Linnaeus (Linné 1767, p. 901) recognized the difficulties inherent in assigning the short-lived mayfly adults to species. The adults and nymphs of the northern European representatives of the vernus group (Müller-Liebenau 1969) of Baetis are difficult indeed to separate morphologically.
For a broader overview on the relationships within Baetis the reader is referred to Jacob (2003) . Engblom (1996) gives an authoritative key to the species but when one is examining field-caught material there is much geographical and ecological variation in characters. To give an example, Bauernfeind and Humpesch (2001) reviewed the central European fauna. They note that the gills of B. macani, vernus and tracheatus nymphs are considerably longer when they live in lake and pond habitats in comparison with flowing water.
The vernus group Müller-Liebenau (1969) comprises the following north European species:
Baetis vernus Curtis 1834 exhibits much morphological variation (Engblom 1996) . It has a wide transpalearctic distribution. The nymphs live in flowing water (Müller-Liebenau 1969 , Jacob 2003 .
Baetis subalpinus Bengtsson 1917 is a northern species that has not been found outside of Fennoscandia. In northern Sweden the nymphs live in water flowing with intermediate velocity (Müller-Liebenau 1969 , Jacob 2003 .
B. macani Kimmins 1957 was originally described from Finnish Lapland from an arctic/alpine pond (Kimmins 1957 ). Macan (1957) described the nymphs from the same pond and, in addition, from two large lakes from central Finland and central Sweden. The nymphs live both in lentic and lotic habitats, typically at outflows from lakes (Jacob 2003) .
Baetis bundyae auct. nec is a northern European form with narrow gills. Engblom (1996) gives small ponds above the tree line as the typical habitat in Europe. Baetis bundyae Lehmkuhl 1973 was described from tundra ponds in arctic Canada. It has also been recorded in flowing water elsewhere in arctic Canada (e.g. Cobb & Flannagan 1980 , Harper & Harper 1997 and has a distribution extending south along the Rocky Mountains. Morihara and McCafferty (1979) designated the Canadian Baetis bundyae Lehmkuhl as a subspecies of the European B. macani. The subspecific status is based on geographical isolation, North America versus Europe; the morphological variation is subject to "overlapping character states between the two subspecies". There is certainly much overlap inside Europe and ecological confusion as well. To give an example, Degerman et al. (1994) give separate distribution maps for B. bundyae, B. macani and B. macani-bundyae in Sweden.
Baetis liebenauae Keffermüller 1974 was described from the river Odra in western Poland (Keffermüller 1974) . In Fennoscandia it was first recorded from southernmost Sweden in 1979 (Engblom 1996) and from northern Finland by Savolainen and Pulkkinen (1987) . It has a distribution covering almost all of Europe and Asia Minor. All records come from flowing water (Jacob 2003) .
Baetis tracheatus Keffermüller & Machel 1967 was described from Poland (Keffermüller & Machel 1967) . Savolainen and Saura (1996) reported it from northern Finland. Both in Poland and elsewhere in Europe the nymphs live in lakes and slowly flowing water among water plants (Müller-Liebenau 1969 , Jacob 2003 .
In (Jacob 2003) .
The existing keys for larvae are not always useful. We use here enzyme electrophoresis and allele frequencies as a criterion of reproductive isolation. Using an extensive material covering several years, we aim at seeing whether the nymph forms found in northernmost Europe represent bona species. Specifically, we wish to find out whether the lotic and lentic forms assigned to a single species are conspecific and represent phenotypic responses to different environmental conditions or whether there are one or several ecologically isolated species and whether the nymph forms assigned to different species in a single habitat represent reproductively isolated entities.
Material and methods
The author Savolainen collected mayfly nymphs from the localities shown in Fig. 1 in northern Finland. Table 1 gives the names of the species, the names of the localities, the days when collected and the numbers of individuals assayed by electrophoresis. In addition, the author Hoffsten collected nymphs from a locality from which Engblom had collected on 5.VII.1980 and had identified as Baetis macani with broad gills at Lake Bastuträsk, Västerbotten, Sweden (this is sample number 50 in the Table 1 ). The nymphs were kept in deep freeze until assayed for starch gel electrophoresis. The nymphs were assigned to species following the key of Engblom (1996) , which relies on mandibles in particular. Nymph mandibles are subjected to wear, a circumstance that makes species identification difficult (see the discussion section for details).
The electrophoretic methods are described by Savolainen et al. (1993) . The following enzymes gave repeatable results: acid phosphatase (Acph), esterases (Est), glutamate oxaloacetate transaminase (Got), Peptidase (Pep), phosphoglucose isomerase (Pgi) and Triosephosphate isomerase (Tpi). In addition, all systems mentioned by Savolainen et al. (1993) were tried but the remainder was regarded as insufficiently repeatable or they were monomorphic in all species studied here. Samples from different populations were run on the same gel so that the samples served as controls to each other.
To get an overview of the extensive temporal and spatial variation disclosed with enzyme electrophoresis, one needs a method to visualize the results obtained from different gene pools. The neighbour-joining algorithm of Saitou and Nei (1987) is particularly suited for analyzing this kind of large data set. It does not assume constant rates of evolution and approximates the minimum evolution method (Page & Holmes 1998) . The unbiased genetic distance of Nei (1978) was chosen as clustering algorithm. Phenogram construction was done using Version 1.0 of the GDA program (Lewis & Zaykin 1996) . We have only included populations that gave repeatable results over the set of enzyme systems in constructing the phenogram.
We revise the species names in the discussion section. To avoid confusion, we use the revised names in the results.
Results
Distinguishing Baetis species on morphological criteria has been notoriously difficult. This difficulty is also reflected in the genetic differentiation: one can not recognize clear-cut species boundaries among B. subalpinus, B. vernus, B. liebenauae, B. tracheatus and B. macani (Fig. 2) . The lentic form of Baetis macani with narrow gills had only moderate but consistent frequency differences against the lotic form with broad gills. In contrast to the overall quite diffuse allelic differentiation seen in other Baetis taxa, the form with broad gills has a clearly circumscribed gene pool. Therefore we designate it here as sp. nov. Accordingly, the two macani forms represent reproductively isolated taxa. The allele frequency data are available in the form of an electronic appendix (Drotz et al. 2006) . Nevertheless, within the B. vernus group one could observe certain clear-cut genetic differences. The Myllyjoki population number 29 morphologically identified to be B. subalpinus was fixed for a rare allele at Tpi that differed from the one seen in other samples from the same locality (12). The locus is in general monomorphic within a species and different alleles fixed at nearby populations indicate reproductive isolation. The Bastuträsk sample from central Sweden (site 32) also differed from the northern Finnish ones far more than the Kallavesi population from central Finland did, even though geographically it was closer to the northern samples. Baetis tracheatus had allele frequencies indistinguishable from sp. nov. in one case.
Outside of the B. vernus group one locus or two loci were often almost or completely fixed Fig. 2 . A neighbour-joining phenogram based on the clustering algorithm of Nei (1978) showing genetic distances among the populations studied, based on the allelic variation at the enzyme loci studied (see the electronic appendix, Drotz et al. 2006 for allele frequencies). Note that some populations are excluded from the phenogram, mainly because of small sample size or the lack of data for a certain enzyme system. * undescribed species, see text.
for species-specific alleles that, accordingly, can be used as species diagnostic characters. Acentrella lapponica differs from the others at the Acph and Pgi loci. It has the allele 85 fixed in Pgi, while all other species but B. rhodani have very low frequencies of this allele. The sample of B. niger was small indeed, but the three individuals had species-specific alleles fixed at Est-2, Pep and Tpi loci. Baetis rhodani differs from the others at Acph and Pgi.
Discussion

A complex without distinct species boundaries?
Baetis vernus group is known to be a morphologically difficult cluster of species (Müller-Liebenau 1969 , Jacob 2003 ). This difficulty is also seen in the allele frequency data generated by enzyme electrophoresis (Drotz et al. 2006 ). We may take as an example the large temporal variation in B. tracheatus from the same locality (21) sampled in 1995, 1997 and 1998. One sample (43) is very close to the sp. nov., while two others (40 and 42) cluster with B. macani and B. liebenauae. In contrast, the samples of sp. nov. come from an extensive area.
Baetis macani, B. subalpinus and B. vernus cluster with each other. They all come from flowing water. The electrophoretic methods that we have used do not show consistent allele frequency differences that would follow the slight morphological differences that characterize these taxa. Morphologically B. macani has consistently long gills and is a rather coherent taxon in comparison to B. subalpinus and B. vernus, which show character overlap (cf. Bauernfeind & Humpesch 2001, Engblom, pers. comm.) . Species discrimination is based mainly on mandibles, even though Müller-Liebenau (1969) had pointed out that characters such as surface of tergites, epicranial sutures, bristles of femora etc. can be useful. We have observed that patterns of mandibular wear vary among individual nymphs, this again may be site specific. Müller-Liebenau (pers. comm.) has stressed that because of wear, one should not look at the mandibles in use but at the next, unused pair that is visible under the nymphal cuticle.
The small genetic differentiation between B. macani/subalpinus/vernus that we have observed may be a consequence of introgression, i.e gene flow across species boundaries. We have studied only nymphs. The short-lived adults are, however, the agents of reproductive isolation. Baetis adults swarm in July-August over low vegetation in a vertical fashion from 0.5 up to 4 m from the ground from afternoon until evening. The males will try to mate with about everything that flies in the vicinity (Savolainen 1978) . They swarm close to the water, where the nymphs live, so that swarming either next to flowing or stagnant water results in ethological isolation. Savolainen et al. (1993) have shown that swarming behaviour is associated with genetic differentiation in mayflies.
On the other hand, local selection such as water velocity (Bauernfeind & Humpesch 2001) could be expected to modify the flexible nymph morphology. Molecular studies using both mtDNA and nuclear markers would help solving these issues. Williams et al. (2006) have, using the CO1 gene of mitochondrial DNA found that Baetis rhodani is made up of a complex of cryptic species. In our opinion their results strengthen the conclusions that we have reached here: there is much ecological and geographic differentiation going on among Baetis mayflies.
The pattern of genetic differentiation in Baetis mayflies has been studied within and among river systems (Monaghan et al. 2001 , 2002 , Hughes et al. 2003 . Their studies were made in alpine environments that could be thought to give rise to geographic isolation between drainages. In spite of this, the levels of genetic differentiation were in general low. This agrees with our results: allele frequencies were quite uniform within a species over geographic distances larger than the ones in the above studies.
One may observe a horizontal pattern of allele frequency similarities among species at a single locality, as shown by the B. liebenauae sample 14 and B. subalpinus sample 32 from site 11. We tried to get samples from the same sites in order to study sympatric populations and sampled the sites repeatedly. Nevertheless, B. macani and sp. nov. populations are not found to be sympatric.
What is Baetis macani Kimmins?
Gill length is thought to be correlated with water flow in the environment, where the Baetis nymphs live. In stagnant water the size of gills is larger than in flowing water (Bauernfeind & Humpesch 2001) . Baetis macani with broader gills and conspicuous tracheae lives in stagnant water (Savolainen & Saaristo 1981) . Now it is evident that this lentic form is a new species; here called sp. nov. The formal species description will be given in a separate publication.
Our results show that north European B. macani (as recognized by Savolainen & Saaristo 1981) with narrower gills consistently clusters separate from the forms with broader gills (Fig.  2) . The lotic form with narrower gills is identical with B. macani Kimmins since the nymph characters agree with the description of Macan (1957) . We note that the nymph characters given by Lehmkuhl (1973) for the North American B. bundyae also agree with the description given by Macan (1957) for B. macani. Morihara & McCafferty (1979) pointed out that there are no consistent differences between B. macani and B. bundyae that would warrant a species status for B. bundyae.
Conclusions
Evidently more work is needed before we understand the taxonomy and ecology in this important group of mayflies. Phylogenetic methods tied to DNA analysis and F-statistics may solve much of the confusing overlap in morphological characters and give us a good taxonomic understanding and good species designation that can be used in the ecological studies. Degerman et al. (1994) stressed that there certainly are difficulties in recognizing the different forms when one is using Baetis in monitoring water quality.
